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ABSTRACT   
This work presents the advance to development of an algorithm for automatic detection of demyelinating lesions and 
cerebral ischemia through magnetic resonance images, which have contributed in paramount importance in the diagnosis 
of brain diseases. The sequences of images to be used are T1, T2, and FLAIR.  
Brain  demyelination  lesions  occur  due  to damage  of the  myelin  layer  of nerve  fibers;  and therefore this 
deterioration is the cause of serious pathologies such as multiple sclerosis (MS), leukodystrophy,   disseminated   acute   
encephalomyelitis.   Cerebral   or   cerebrovascular ischemia  is the interruption  of the blood supply to the brain, thus 
interrupting;  the flow of oxygen  and  nutrients  needed  to  maintain  the  functioning  of  brain  cells.  The algorithm 
allows the differentiation between these lesions. 
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INTRODUCTION 
Vascular disorders of the human brain are a common precondition and a relevant factor of influence for some of the most 
devastating neurological conditions like stroke and dementia globally burdening patients, families, and the health care 
systems1. 
 
For instance, Brain demyelination (BD) lesions occur due to damage of the myelin layer of nerve fibers; and therefore 
this deterioration is the cause of serious pathologies such as multiple sclerosis (MS) disease in the central nervous 
system2 (CNS), leukodystrophy, and disseminated acute encephalomyelitis.  
 
On the other hand, cerebrovascular ischemia (BI) is the interruption of the blood supply to the brain, thus interrupting; 
the flow of oxygen and nutrients needed to maintain the functioning of brain cells3. It occurs more frequently in older 
people with an increasing prevalence of important risk factors such diabetes and arterial hypertension, generating 
focalized manifestations like paralysis, aphasia among others. In summary, ischemia, is produced by a series of 
physiological and biochemical changes that lead to ischemic necrosis of a given area, dependent on the occluded vessel, 
in whole or in part4. 
 
In this way, all diseases affecting the cerebral vasculature are one of the most relevant global health problems. Currently, 
the diagnosis of BD and BI is based primarily on clinical and neuropsychological assessments5-7. 
 
Neuroimaging has also been recognized as a powerful tool to analyze brain changes. However, the analysis of brain 
images is a difficult task because the spatial pattern of brain degeneration.  Consequently, several attempts are being 
made to develop automated tools that will allow a more sensitive and consistent analysis. 
 
Certainly most of these attempts have focused on the diagnosis of BD from Magnetic resonance imaging.  MRI is an 
imaging technique that produces high quality images of the anatomical structures of the human body, especially in the 
brain, and provides rich information for clinical diagnosis and biomedical research8,9. MRI is the most commonly used 
imaging modality as it offers high-resolution images in a noninvasive and safe method, without exposing patients to 
ionizing radiation10. 
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The diagnostic values of MRI are greatly magnified by the automated and accurate classification of the MRI images11, 12. 
 
As well, the diagnosis of BD and BI from MRI is a challenging problem, which received less attention. In the case of T1, 
T2, and FLAIR images, further investigation is still needed to determine their ability to diagnose BD and BI, especially 
at the early stage. These images are analyzed to find the number and spatial patterns of the lesions. 
 
Due to the several reports from the Universidad Técnica Particular de Loja Hospital (H-UTPL), in Ecuador there are 
evidence that several patients suffer brain disorders and many of them suffer pathologies identified as demyelinating 
(BD) and stroke or ischemia (BI).  
 
The findings of white matter signal changes on magnetic resonance imaging (MRI) brain scan is being increasingly 
recognized as potentially of clinical significance13. Thus, there is an increasing and still unmet need for an even better 
understanding of BD and BI in order to derive better assessment of disease progression and treatment therapeutic 
efficacy. 
 
For that reason, the principal objective for this project focus on the development of an algorithm for automatic detection 
of demyelinating and ischemia cerebral lesions through MRIs.  
 
The workflow employed was two stages. First: Design algorithm and test with a semi-automatic process for identify the 
most relevant features that allow to distingue the BI and BD lesions.  Second: The implementation definitively of the 
algorithm in a software that allow to obtain an automatic process of classification, for that we will use Discrete Wavelet 
Transform (DWT), principal component analysis (PCA) and a kernel support vector machine (SVM) learning theory will 
be used to classify all images.  
 
The algorithm developed will allow us the better classification between these two pathologies indicated before BD and 
BI lesions, the script with the effective validation could be applied for the fast diagnosis and contribute to an effective 
treatment. 
 
 
 
METHODOLOGY 
 
Dataset 
 
The proposed approach involved MRI dataset series from 80 H-UTPL patients that suffers the BI or BD lesions and 100 
images of normal patients or suffer another pathology. The images were acquired by RM Philips Achieva 1.5 Teslas. T1, 
T2-weighted fast spin-echo, and Fast-FLAIR images format were chosen for the analysis. 
 
Design algorithm 
 
The noise reduction and the elimination of extra cranial brain tissues introduced during MRI acquisition was removed 
using a python script. It was developed for eliminating the extra cranial brain tissues from T1, T2 and FLAIR images. 
 
Followed by the transformation from DICOM format to a PNG, JPEG, and BMP format. With those formats it is 
possible to convert the images to a gray scale and select a threshold for to obtain a binary image and extract the features 
for identify the brain lesions.   
 
In the final algorithm the PNG, JPEG, and BMP format will be used as input in the training algorithm. In the following 
subsections, we will explain the detailed procedures of the algorithm implementation and the outputs obtained from it. 
The general overview of the method proposed is shown in Fig.1. 
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   u=return message ("Select to threshold  from 0 to 1") 
   If  u==[0:1] then 
        new_img=convert (black_and_white_img) 
End if 
End function 
 
Function segmentation (new_img) 
 
   Input_features(morphology, signal,windsize) 
   [Cm1,Cs1,Cw1]=wavelet_t(new_img,'filters_4') 
   [Cm2,Cs2,Cw2]=wavelet_t(Cm2,'filters_4') 
   [Cm3,Cs3,Cw3]=wavelet_t(Cm3,'filters_4') 
  CWT= [Cm3,Cs3,Cw3] 
  Matrix=pca(CWT) 
 
End function 
 
Function statistical_analysis (Matrix) 
 
   correlation (Matrix) 
   energy (Matrix) 
   homogeneity (Matrix) 
   mean (Matrix) 
   standard_devation (Matrix) 
   entropy(Matrix) 
   RMS(Matrix) 
   variance(Matrix) 
   train_Matrix=(Matrix) 
 
End function 
 
Function SVM_classification (train_Matrix) 
 
#BD(Brain Demielynization) 
#BI(Brain Ischemia) 
 
# Load train Matrix 
#predictor 
  x_test(predictor) 
 
#target 
 y_groups ('BD') 
 y_groups ('BI') 
 
 #Predict output 
  svm=svmtrain(x_test,y_groups, kernel='linear') 
  diseases= svmclassify(svm) 
 
 If (diseases, 'BD') then 
  return message 'Brain Demyelization tissue' 
  else 
   return message 'Brain Ischemia tissue' 
 else 
   return message 'Image was not classified' 
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End if 
End function 
End 
 
 
Segmentation supervised dataset and Supper vector machine learning   
 
 
Segmentation is a process of partitioning a digital image into multiple segments or set of pixels. Segmentation is used to 
locate objects and boundaries in the image14. For the segmentation of the images there are many methods, in the work of 
Daniel García-Lorenzo14 this theme is widely descripted.   
 
Since the unsupervised and supervised methods, we choose in this case the supervised method through DWT+SVM15, 16, 
17. 
 
The kernel support vector machine (SVM) was used as diseases brain classification. It is a supervised machine learning 
algorithm which can be used for both classification and regression challenges15, 18, 19. In this work we used SVM for 
cerebral images classification problem, using the main characteristics of each diseases i.e. morphology, to identify which 
class (or group) BD or BI belongs. The characteristics of an object are typically presented in a vector  ࢞ሬԦ   whose output 
result is:   
࢟ = ࢌሺ࢝ሬሬሬԦ ∙ ࢞ሬԦሻ = ࢌቆ෍ ࢝࢐࢞࢐࢐ ቇ 
 
Where w is an actual vector of weights and f is a function that converts the point-to-point product of the two vectors into 
the desired output. The weight vector w learn from a set of training samples. Often f is a simple function that maps all 
values above a certain threshold to the first class and the remainder to the second class15, 18.  
 
For a two-class diseases, one can visualize the operation of a linear classifier as a partition of the high-dimensional input 
space with a hyperplane: all points on one side of the hyperplane will be classified as "BD", while the others will be 
classified as "BI". 
 
As a result of submit brains images to the trained kernel SVM, the outputs prediction datasets were divided into groups 
the BI and BD tissue segmentation images classification strategy.  
 
RESULTS AND DISCUSSION 
 
Database 
 
The database of all images utilized in this project firstly were anonymized and codified for the posterior processing and 
application in the algorithm, in that way, we care the patient confidentiality and privacy.  
 
The series of images collected were classified in two groups; the normal images or different diseases and the group of 
images with the disease studied in this project.  
 
First in our algorithm extract the six relevant images of each series and patient respectively. For propose of this projected 
we choose the T2-weighted fast spin-echo, and Fast-FLAIR according to the related works for detection of ischemia and 
demyelinating disease into brain magnetic resonance images1-7. 
 
Algorithm implementation: first stage 
 
The format of collected images from the series of patients were in *.dcm (dicom file), our algorithm in this step allow to 
read a dicom file or convert the dicom file in another format of image *.jpg, *png, *bmp, *tiff.  The work with this 
formats of the images is more easily for implemented the different methodologies of segmentation and classification14, 15. 
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The process for identify the features of the diseases in this work is the next:  
 
1. Convert the file image to gray scale.  
2. In automatic case we can see and select the threshold for the convert the image in a binary format. There are 
different 
 
Figure 2. MRI images and the automatic process for select the threshold for to do the binary image.   
 
3.  Erosion the image for identify the features of demyelinating and ischemia. We try this with different functions 
in Matlab (i.e. imerode and streel functions) with the structuring element.  
 
 
(a) 
 
(b) 
 Figure 3. MRI images of (a) Ischemia brain disease (BI) and (b) Demyelinating disease (BD); before the 
processing.    
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(a) (b) 
Figure 4. MRI images after the processing and detection of features for identify (a) Demyelinating brain disease 
(BI) and (b) Ischemia brain disease (BD). 
 
We can see that for this stage of the algorithm, the features of the brain diseases object of our study until do not have a 
perfect definitions. Until this point the algorithm has the advantage to allow select the threshold for obtain a better 
classification, but also the weakness is that yet that features also require a good knowledge and ability to recognize the 
principal medical criteria for differentiate the diseases. For this work we use the medical criteria for recognize the 
disease accord to McDonald5.  
 
For that reason and after the read of several works and methods, we decide that the best  way to obtain a better extraction 
of features for these diseases is DWT+ SVM according with  Zhang, Y and Wu, L. 15, whose in their work applied  this 
method for detect, classify and differentiate the benign and malignant.  
 
However there are other methodologies and algorithms that uses a different automated approaches especially in order of 
the Multiple Sclerosis (MS) disease such as reported by LLadó et al 17-22. In the case of ischemic disease, there are not 
many works such the MS, but similar to the other works, these focus also in the extraction of the features of the infarct 
tissue1, 3, 4. 
 
 
CONCLUSIONS: 
 
 
In summary, we report the first stage of the algorithm: the design and the implementation of the first with a semi-
automatic classification. The importance and accurate of the algorithm for identify one or another disease in the brain 
Selected Image
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magnetic resonance images, is the form of the extract the features that define with the best fidelity according to the 
morphological medical criteria. For this first stage we only used different methods of erosion images with different 
structural operator for walk over the matrix images. In the next our paper we will report the all result of the algorithm 
using DWT + PCA and SVM.  
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